Supplemental Information Detailed Computational Procedures
Simulating the fruit Auxin dynamics were simulated using a spatially explicit and multicellular layout of an Arabidopsis fruit at early stages of development (between 15-17), incorporating subcellular resolution concerning transporter activity in a tissue-specific manner, as well as explicitly modelling the cell wall. Our general modelling strategy was to analyse the steady states distributions given alternative hypotheses on auxin transporter levels and polarity, analysing both auxin profiles and flux patterns. Importantly, given that some features regarding auxin distributions were indistinguishable between different models, but the underlying flux patterns were not, we performed in silico ablations and observed the resultant auxin distributions. This process is explained in detail below.
Fruit layout
Our model consists of a 2D sheet of cells, intercalated by the contiguous network of cell wall, representing the outer epidermis of the developing Arabidopsis fruit. On this field, we employ wrapped boundary conditions in the horizontal direction. That is, the right-most pixels of the field (at L) are coupled on the right to the left-most pixels of the field, at position 0, such that L + 1 = 0. Therefore, the 2D sheet represents a closed cylinder, describing the outer tissue of the fruit. We always perform simulations on the entire external epidermis, although we often only display half of the field (when presenting the same pattern as the other half, due to symmetry reasons). In the y-direction, we have fixed boundary conditions to represent the top and bottom of the fruit. Because of constraints imposed by the duration of the computer simulations, the fruit was simulated at two different sizes, as indicated in Table S1 . Cell sizes were conserved between both layouts, representing realistic cell sizes, as measured during stage 17b. The conceptual models, however, were run on a much smaller, simplified tissue layout, while the realistic models were run on the exact, measured tissue layout.
Special assumptions regarding auxin sources and sinks at these positions were introduced. To capture the auxin source at the style, we set the top-most row of cells of the fruit tissue to a fixed concentration a 0 that does not alter during the simulation (see Table S2 for parameter values), while also imposing that these cells only permit efflux of auxin into the fruit tissue. These assumptions ensure that the top-most row of the fruit acts as a perfect source without a sink term. In conjunction, the bottom-most row of cells of the in silico fruit have concentrations set to zero, hence acting as a perfect sink.
Within this 2D epidermal representation, the four different tissues were positioned, always in a similar manner. They included the replum, the valve, the lignifying layer and the separation layer. The number of cell files and columns were based on careful examination of fruit layouts, and their values are given in Table S1 . The tissues also differ with respect to properties regarding transporters and cellular polarity, i.e., which transporters are expressed, how strongly they are positioned at the plasma membrane, and their orientation along the plasma membrane, as described in the next section.
Cell polarity
The cells were subdivided into eight regions, as depicted in Figure S1 . Transporter levels on the membranes within each region could be adjusted according to experimental observations of cell polarity and transporter densities. The regions were defined according to their relative position of the cell within the tissue context. "Upper" and "Lower" sides are equal for all cells of the fruit; "Inner" and "Outer" refer to the facet of the cell facing the closest central replum axis of the fruit. Due to these 4 main directions, combinations can be derived. "Upper-Inner" and "Upper-Outer" correspond to the two halves of the apical side of the cell, "Lower-Inner" and "Lower-Outer" to the two halves of the basal side. Likewise, "Inner-Lower" and "Inner-Upper" describe the top-most and lower-most half facet of the cell facing the nearest middle of the replum. These detailed position-dependent transporter levels are then defined for each tissue type, based upon either published data (for the basic model and its derivatives) or upon careful novel experimental observations (for the realistic model). This generates for each transporter in the model and for each given tissue type eight possible entries to describe the permeability strength of the transporter at the different locations along the cell's plasma membrane. As we have 3 transporters, we therefore have three 8×4 matrixes for each simulation condition. The elements of the matrix for each transporter are scaled from 0 (no transporter of that type at that position of the membrane) to 1 (maximum expression).
We have explored in this paper several variations of transporter patterning, both "toy-models", that represented extreme assumptions, and more nuanced versions, in which experimental observations motivated the choices of transporter levels and positions for different stages of the fruit development. The full set of matrixes used are given in Table 1 and 2.
Auxin dynamics
Changes in auxin concentration over time result from the contribution of transport terms (diffusion and directed or passive permeability) and reaction terms (biosynthesis and breakdown):
The time change in auxin concentration is given by the transport term, due to auxin fluxes J, and to the reaction terms b, representing biosynthesis, and δ IAA , representing degradation. Note that we are able to distinguish diffusion from permeability, because we explicitly treat the cell as having an interior cytoplasm as well as an external apoplastic region in which auxin can diffuse. Movement across the membrane is included through the permeability terms.
Transport terms
Auxin diffuses within the cell wall and cytoplasm. It crosses the membrane either through passive permeability, for which influx is greater than efflux (because of chemiosmotic considerations), or due to directed influx, mediated by LAX1, or polar efflux, due to PINs. When transport across the membrane occurs, auxin moves between the cytoplasm and the cell wall.
Diffusion within cells and cell walls follows Fick's law, while transport across cell membranes includes both passive and cell-type specific carrier-mediated influx and efflux, and is considered linearly dependent on the concentration. Thus, auxin flux across each grid point was computed as:
where fluxes due to diffusion occur in the cell wall and cytoplasm with diffusivity D (upper part of equation). The flux across the cell membrane is determined by the resultant auxin permeability across a cell membrane due to the different contributions of transporters at that location. This results in an effective outward (P out ) and inward (P in ) permeability rate, with n representing the inward directed unit vector, perpendicular to the membrane; c in the auxin concentration in the cytosol at the grid point bordering the cell membrane and c out the auxin concentration in the cell wall grid point immediately adjacent to the cell membrane.
The influx term P in is given by the sum of the passive influx permeability (P IAAH ), and the permeability due to LAX1 expression (P LAX1 ), itself given by the maximum strength of LAX1 transport times the expression of LAX at that region, i.e. P LAX1 = M LAX1 · E LAX1 , hence:
Similarly, the efflux term P out is given by the sum of the passive efflux permeability (P IAA − ), and the efflux permeabilities due to the PINs (P PIN3 , P PIN7 ):
with, again, P PIN3 = M PIN3 · E PIN3 and P PIN7 = M PIN7 · E PIN7 . All default parameters are given in Table S2 , and specified differently if changed.
Reaction Terms
Auxin reaction terms (shown in Equation 1) include a basal biosynthesis rate b and a basal decay δ IAA (i.e. auxin half-life, considering also basic auxin catabolism). These terms take place inside all cells (not in the cell walls), following the framework and realistic values as measured and used in Di Mambro et al. (2017) .
To illustrate the feasibility of an alternative mechanism in which the patterning arises through spatial variations in production and decay, as inspired by traditional reaction-diffusion models, we also explored the possible role of localised production and decay to the pattern formation of a minimum. We did so by considering all replum and valve tissue acting as an auxin source, while the VM was bestowed with an increased auxin breakdown. The default parameters b and δ IAA (as given in Table S2 ) were in this specific case varied as described in the caption of Figure S3 .
Numerical framework
The partial differential equation describing auxin dynamics (Equation 1) was solved numerically by means of discretising it on the defined lattice, and concurrently solving for the diffusion, permeability, and production and decay of auxin, using the Alternating Direction Implicit (ADI) method, as implemented in our previous works (Cruz-Ramírez et al., 2012; Di Mambro et al., 2017) . A space step ∆x corresponding to 1 μm and a time step ∆t corresponding to 0.1 s were chosen. Boundary conditions are as described above, roughly, with an auxin source at the top most row, and sink at the bottom most row. For initial condition for simulations, auxin concentration were set to 0 within the whole tissue. As soon as auxin starts to flow into the fruit from the apical cells, a pattern in auxin distribution emerges. Auxin distributions and heat maps were obtained letting each simulation reach steady state, which we ensured had happened when only negligible changes occurred (below 10 −5 % for each numerically calculated position) in local auxin concentrations.
Quantification and Statistical Analysis

Tissue layout
The tissue layout that was used in the realistic simulations has been based upon our own measurements on cell and tissue dimensions using microscopy images at stage 17b. The cell and tissue sizes as are given in Table S1 were obtained by analysing three images at stage 17b and measuring multiple individual cells per tissue.
Quantification of PIN and LAX level and localisation
Intensity and localisation of fluorescently tagged PIN3, PIN7 and LAX1 proteins for each tissue type and each facet (as defined in Figure S1 ) were evaluated visually by four of the authors, using a minimum of three confocal images for each transporter and at each developmental stage. Cells were assessed using values from 0 to 1, with 0 = undetectable and 1 = maximum intensity. We opted for semi-quantitative, visual inspection using 3-4 images for each transporter, as automatic quantification renders itself extremely difficult due to the 3D nature of the silique's surface. Visually estimated expression values and localisation of all transporters were then discussed and consensus values found. These final semi-quantitative estimates were used to instruct the "realistic PIN and LAX1" simulations of our model. No a posteriori modifications were made to any of the simulation parameter value entries.
Averaging flux-field properties over the tissue for flux analysis
Auxin moves over the simulated tissue following the resultant auxin flux J(x, y) = J xî + J y . To analyse the differences in flux behaviour between the different models within certain regions of the fruit tissue, we found it useful to compare and contrast (i) the average horizontal flux components (J x ) over the valve margin (VM); (ii) the average vertical flux components (J y ) within the VM; as well as (iii) the averaged norm of the fluxes ( J ) that take place within the VM. The average transversal flux through the VM is calculated as follows:
where S is the entire surface of the VM, as depicted in Figure 1 . The average flux parallel to the VM is calculated similarly, i.e., J y =
For the average total flux, we calculate
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